Populations around the world are vulnerable to natural disasters. Such disasters are occurring with increased frequency as a consequence of socio-economic and land-use developments and due to increased climate variability. This paper describes a methodology for using indicators to compute a Flood Vulnerability Index which is aimed at assessing the conditions which influence flood damage at various spatial scales: river basin, sub-catchment and urban area.
INTRODUCTION
A hazardous event is any type of event which disrupts the normal activities of human society and natural habitats; the most common form of which is floods. Floods are regarded as the most dangerous and harmful natural disaster (Douben 2006) . This paper discusses the development and application of a Flood Vulnerability Index (FVI), an indicator-based index which presents flood vulnerability as a single number, applicable for a range of different spatial scales. It also demonstrates that the approach is applicable for various spatial scales, ranging from river basins to urban areas.
DEFINING VULNERABILITY
Researchers' notion of vulnerability has changed over the past two decades and consequently there have been several attempts to define and capture what is meant by the term.
In 1992, the International Panel of Climate Change IPCC defined vulnerability as the degree of incapability to cope with the consequences of climate change and sea-level rise, after years IPCC, through Watson et al. (1996) defined it "as the extent to which climate change may damage or harm a system; it depends not only on a system's sensitivity but also on its ability to adapt to new climatic conditions". doi: 10.2166/wst.2009 .183 Blaikie et al. (1994) describe vulnerability as a measure of a person or a group's exposure to the effects of a natural hazard, including the degree to which they can recover from the impact of that event.
Green (2004) In this paper, vulnerability is considered as the extent of harm, which can be expected under certain conditions of exposure, susceptibility and resilience. More specific in the case of floods: the extent to which a system is susceptible to floods due to exposure, a perturbation, in conjunction with its capacity/incapacity to be resilient, to cope, recover or adapt.
By combining all the above-mentioned definitions, the general vulnerability concept can be expressed as:
All societies are vulnerable to floods, under different cases and situations, which make them somewhat unique.
Factors of vulnerability
In general, an element which is being harmed by floods is more vulnerable, the more it is exposed to a hazard and the more it is susceptible (Messner & Meyer 2006) to its forces and impacts and the less resilient it is to these causes.
Exposure can be understood as the values that are present in the areas potentially threatened by floods. In case of the Flood Vulnerability Index, exposure is defined (Balica 2007) as "the predisposition of a system to be disrupted by a flooding event due to its location in the same area of influence". Susceptibility relates to system characteristics, including the social context of flooding damage formation. In this paper, susceptibility is defined as the elements exposed within the system, which influence the probabilities (Turner II et al. 2003) of being harmed at times of hazardous floods.
The term 'elements exposed' includes all elements of the human system, the built environment and the natural environment that are exposed to flooding in a given area.
Resilience to flooding damages can be considered only in places with past events, since the main focus is on the experiences gained during and after historical floods. In this paper resilience is defined as the capacity of a system to suffer any perturbation, like floods, by maintaining significant levels of efficiency in its social, economic, environmental and physical components.
WATER RESOURCES SYSTEMS
The water resources systems studied in this paper are divided into interdependent sub-systems. The Natural River sub-System, in which the physical and biological processes take place, the Socio-Economic sub-System, which includes the societal (human) activities related to the use of the natural river system and the Administrative and Institutional sub-System, including legislation and regulation, where the decision-making, planning and management processes take place (van Beek 2006) .
Each of these three sub-systems is defined by certain conditions. The Natural River System is delimited by climate and (geo) physical conditions, the Socio-Economic System is formed by demographic, social and economic conditions, and the Administrative and Institutional System is formed and bounded by the constitutional, legal and political system. The social and economic components comprise the socio-economic and the administrative and institutional sub-system, whereas the environmental and physical components are part of the natural river sub-system.
Components of vulnerability
The social component, the flooding affects the day to day lives of the population that belongs to the system. This 
Different spatial scales
The understanding of flood vulnerability of different river basins starts with categorisation. The different categories which can be distinguished in a river basin are related to size and to inherent characteristics.
The advantages of identifying these categories can be summarised as follows. † Vulnerability is geographically and socially differentiated. Any assessment at national level must take into account regional patterns of vulnerability within the country and the distribution of vulnerability within the national community (Adger et al. 2004 ); † It is increasingly recognised that vulnerability is a dynamic characteristic, a function of the constant evolution of a complex of interactive processes (Leichenko & O'Brien 2002) ; † Spatial heterogeneity results in a more accurate description of reality; † Including differences in vulnerability components and vulnerability factors; † Political and administrative division can either facilitate or impede the availability of data, according to certain scales. Data from river basins stretching out over more then one country will be more difficult to estimate; data from urban areas may vary from country data; † The final results will be more applicable and understandable through accumulation of knowledge of how vulnerability is distributed and how it is developing throughout the world.
Dividing the FVI into spatial scales, i.e. river basin, sub-catchment and urban areas, and in different components, i.e. social, economic, environmental and physical components, and linking them with the factors of vulnerability, i.e. exposure (E), susceptibility (S) and resilience (R) can assist in identifying weak points of a flood defence system, and hence assist in devising strategies for improvement of the overall system.
FLOOD VULNERABILITY INDEX METHODOLOGY
The Flood Vulnerability Index (FVI) aims to identify hotspots related to flood risk in different regions of the world, so that it can be applied as a tool to assist planners and policy makers in prioritising their areas of intervention and also as an instrument to provide useful information for awareness raising. The main concept consists of identifying different characteristics of a system, making it applicable to floods on different spatial levels. 
General FVI equation for all scales
The proposed general FVI Equation (1) divided by the maximum FVI within one system (2):
Since the study of river basins covers large heterogeneous areas, interpreting the FVI on such a scale can be misleading. Therefore the study of smaller spatial scales can lead to a more accurate evaluation of the flood vulnerability of a region. Interpreting the values of all subcatchments in one river basin can provide a more detailed image of the situation in the basin.
The relation of vulnerability components, indicators
and factors is illustrated in Table 1 for various spatial scales.
The availability of data, the importance of certain indicators and the condition that all FVI's computed must be dimensionless for the purposes of comparison, led to the formulation of the equations for each scale and for each vulnerability component.
Flood vulnerability index at a sub-catchment scale
The FVI methodology for the sub-catchment scale was 
Equations of the sub-catchment scale
Equations (3) to (6) 
Downscale analysis of results
The improved FVI has been applied to eleven case studies, which were selected in order to allow for a downscaling analysis of the results, in order to compare and interpret the results.
The downscale analysis was carried out for all three spatial scales studied: river basin, sub-catchment and urban areas. In this section the results are shown for all three cities studied: Timisoara (Romania), Mannheim (Germany) and Phnom Penh (Cambodia).
The analysis was also carried out to examine the 
From the Rhine River Basin to Mannheim
The chart shown in Figure 3 Since the methodology is based on indicators, its main weakness is the accuracy of data. For the results to be valid, all data must be derived from reliable sources, specified for a precise spatial area at a defined time.
Improving the weaknesses identified in this section may lead to a variation of some of the results found.
This variation is very difficult to assess without certain mathematical approaches, like a sensitivity analysis, but considering the approach of the methodology and the homogeneity of the concepts, the variations of the results should stay in a relative close range.
In the study a comparative analysis of the results from river basins and sub-catchments (downscaling) have been carried out to assess the robustness of the FVI methodology.
These sub-catchments were also selected because it allows comparisons between river basins and sub-catchments, besides comparing some sub-catchments in the same river basin.
Downscaling is a powerful tool in order to assist decision makers in improving their investments strategies for the reduction of flood damages. Recognising which spatial scale is more vulnerable to floods and in which places this vulnerability can be reduced more easily, may
show decision makers to prioritize certain projects in flood protection in local and regional areas.
As the methodology is still under development, these weaknesses and other issues, which might be identified in due time, can be improved leading to further adaptations of
